Background: Granular cell tumors (GCTs) were firstly described by Weber in 1854 and 70 years later by Abrikossoff and classified as benign tumors. Originally considered muscle tumors, they have been identified as neural lesions, due to their close association with nerve and to their immunohystochemical characteristics. GCTs are uncommon tumors and they may arise in any part of the body; they have been mainly observed in tongue, chest wall and upper extremities; less frequent sites are larynx, gastrointestinal tract, breast, pituitary stalk and the female anogenital region. Here we report a case of GCT showing an uncommon localization such as the upper third of the right rectus muscle of the abdominal wall. Case presentation: A 45 year-old woman of Caucasian origin presented to the surgeon with a 6-month history of light pain in the upper third of the abdominal wall. Radiological exams (Ultrasonography, Computed Tomography and Contrast magnetic resonance imaging) showed a localized in the right rectus abdominis muscle. After excision, histological and immunohystochemical analysis, with the support of electron microscopy, allowed making diagnosis of granular cell tumor. Discussion: After fist description by Abrikosoff in 1926 of GCT like mesenchymal tumor of unknown origin, in recent years immunohystochemical techniques definitely demonstrated the histogenetic derivation of GCT from Schwann cells. Granular cell tumors are rare, small, slow-growing, solitary and painless subcutaneous nodules which behave in a benign fashion, but can have a tendency to recur; in rare cases they can metastasize, when they became malignant; there are some clinical and histological criteria to suspect the malignance of this tumor. Conclusion: It is important that clinicians, radiologists and pathologists are aware of the clinical presentation and histopathology of GCT for appropriate management, counselling and follow-up. In our case we had a complete radiological, morphological and immunohystochemical characterization of the lesion and a definitive diagnosis of benignity confirmed by electron microscopy.
Background
Granular cell tumors (GCTs) were firstly described by Weber in 1854 [1] and 70 years later by Abrikossoff [2] and classified as benign tumors. Originally considered muscle tumors, they have been identified as neural lesions, due to their close association with nerve and to their immunohystochemical characteristics.
The highest incidence of GCTs is in the fourth to sixth decades of live and a female preponderance has been reported. Clinically, GCTs are asymptomatic slow-growing tumors, normally present as solitary nodules, smaller than 3 cm; only 10-15 % of patients show multiple synchronous lesions; increased familiar incidence is uncommon, however it has been reported [3] .
GCTs are uncommon tumors and they may arise in any part of the body; they have been mainly observed in tongue, chest wall and upper extremities [4, 5] ; less frequent sites are larynx, gastrointestinal tract, breast, pituitary stalk and the female anogenital region [5] .
GCTs occurring in deep soft tissues are extremely rare, especially those of intramuscular origin [3, [6] [7] [8] [9] [10] [11] . Due to their rarity, only few studies are present in the literature describing intramuscular GCTs and they mainly address malignant counterpart [12] [13] [14] [15] .
The differential diagnosis between benign and malignant lesions can be very difficult, because they can display similar histological phenotypes. In order to discriminate malignant from benign forms, six histological criteria have been established [13] : necrosis, spindling, vesicular nuclei with large nucleoli, increased mitotic activity (>2 mitoses/10 high-power fields at × 200 magnification), high nuclear to cytoplasmic ratio, and pleomorphism. Neoplasms that meet three or more of these criteria are classified as histologically malignant; those displaying only focal pleomorphism but fulfill none of the other criteria are classified as benign, whereas those meeting one or two criteria are classified as atypical.
Here we report a case of GCT showing an uncommon localization such as the upper third of the right rectus muscle of the abdominal wall.
Case presentation
A 45 year-old woman of Caucasian origin presented to the surgeon with a 6-month history of light pain in the upper third of the abdominal wall. In her medical history, the patient had undergone surgery for tonsillectomy, appendectomy and carpal tunnel syndrome and was suffering from arterial hypertension and thyroid disease, treated with ACE inhibitor and levothyroxine sodium.
Ultrasonography ( Contrast magnetic resonance imaging, performed in October 2013, displayed a 20 mm oval formation, localized in the right rectus abdominis muscle, hypointense in sequences T1-T2-weighted, homogeneously hyperdense in the late phase with subcutaneous outer profile and intraabdominal inner profile, without signs of infiltration of the underlying peritoneum (Fig. 1) .
Physical examination revealed an oval shaped swelling, motionless on the surface and deep levels, with hard consistency and slightly irregular margins.
At superficial palpation there were no signs of pain; deep palpation evoked moderate soreness at the epigastrium.
In November 2013, the patient underwent to surgical removal of the lesion: surgical access through midline incision of epigastric region showed a not perfectly round hard mass, with adherence zone to the fibers of the right rectus muscle; en block excision was performed with the simultaneous removal of subcutaneous tissue, muscle fascia and parietal peritoneum. No early complication occurred.
Macroscopically the surgical specimen was composed of yellow-brown tissue. The cut surface revealed a nodular yellow-grey lesion, with irregular borders and 3 cm of diameter. Microscopically, the histological examination of entire surgical specimen showed a proliferation of cellular elements arranged in chains and in nodular aggregates, characterized by large granular, slightly eosinophilic cytoplasm and small eccentric nuclei. These The lesion is homogeneously enhancing, demonstrating a vascularity higher than that of the adjacent muscular tissue; b On axial MR T2-weighted the lesion is hypointense compared with adjacent muscle; this finding is indicating a tissue with high cellularity; c pre-contrast T1-weighted image and contrast-enhanced fat-suppressed T1 weighted images d confirm the vascularity of the lesion cellular elements appeared interspersed in dense fibrous stroma and accompanied by multiple nodular foci of lymphoid infiltrate. Marginally, the lesion was in continuity with striated muscle and adipose tissue, so it resulted completely excised (Fig. 2) .
Immunohystochemical analysis of the above mentioned cellular elements showed positivity for Vimentin (clone V9 Novocastra Leica Biosystems), S-100 protein (clone S1/61/ 69 Novocastra Leica Biosystems) and CD68 (clone 514H12 Novocastra Leica Biosystems), negativity for alpha-Smooth Muscle Actin (clone asm-1 Novocastra Leica Biosystems), Muscle Specific Actin (clone HHF35 Novocastra Leica Biosystems), Desmin (clone DE-R-11 Novocastra Leica Biosystems) and CD34 (clone QBEND/10 Novocastra Leica Biosystems); the proliferative index (Ki-67, clone MM1 Novocastra Leica Biosystems) was less than 1 % (Fig. 3) .
Electron microscopy showed skeletal muscle tissue surrounded by neoplastic cells that show a high number of intracytoplasmic granules of various sizes containing glycogen (Fig. 4) .
According to these morphological and immunophenotypic characteristics, we made the diagnosis of intramuscular granular cell tumor.
Discussion
In 1926 Abrikossoff et al. reported the first description of the morphological features shared by a spectrum of mesenchymal soft tissue tumours, identifying them as "Granular Cell Tumors" [2] .
Following reports focused on their histogenesis, originally believed of skeletal derivation [16] but later proved to be of neural origin, due to the advent of immunohystochemical techniques and electron microscopy.
The positive expression of markers such as S-100, the neuron-specific enolase (NSE) and the histiocytic marker CD68, definitely demonstrated the histogenetic derivation of GCT from Schwann cells [16] .
Most of our knowledge regarding GCTs derives from case reports or small case series. Since then, many authors reviewed the reported cases and correlated them with clinical presentations. To date, several controversies about prognostic criteria, treatment strategies and follow-up approaches still exist.
Granular cell tumors are rare and account for approximately 0.5 % of all soft tissue tumors. Females are twice as likely to develop GCT, with African-Americans more often affected than Whites [17] . They occur in both children [18] and adults, with a higher incidence in the fifth decade of life [17] . They generally present as small, slowgrowing, solitary and painless subcutaneous nodules which behave in a benign fashion, but can have a tendency to recur [19, 20] .
In rare cases they can metastasize, particularly when they arise in deep to fascia or are over 4 cm in diameter [13] . They can be multifocal at presentation, can arise anywhere in the body, typically in the superficial tissues (dermis and sub cutis), along mucosal surfaces and occasionally within skeletal muscle, but they are rarely located in the abdominal wall.
The best radiological modality for the characterization of GCTs is Magnetic Resonance Imaging (MRI) [20] . Benign granular cell tumors are classically iso-intense or brighter than muscle on T1-weighted sequences, round or oval in shape, superficial in location, and 4 cm or less in size. On T2-weighted sequences, the signal from the central portion of the lesion is classically iso-intense to muscle or suppressed fat, with peripheral signal enhancement. Malignant granular cell tumors may demonstrate invasion of adjacent structures and signal intensity characteristics that are often seen in other aggressive neoplasms [19] .
We report the case of a patient presenting with a slow-growing, firm nodule in the abdominal wall. After ruling out metastatic origin of the mass by CT scan and MRI, the lesion was surgically removed through an enblock excision with simultaneous removal of subcutaneous tissue, muscle fascia and parietal peritoneum.
Pathologic findings were congruent with a benign granular cell tumour of the abdominal wall.
Although a GCT usually appears as a solitary small nodular growth and follows a benign course, a malignant potential has been described in a few cases, particularly for large lesions, >4 cm in diameter. Comparisons between malignant transformation and de novo primary malignant tumour are based on primary histologic findings and on the clinical course of the patient, especially in recurrent cases during the follow-up period [20] . Malignant GCTs are usually difficult to diagnose because of its rarity [21] .
For descriptive purposes these tumours can be classified into two categories: histologically and clinically malignant type, and histologically benign but clinically malignant type.
Although metastasis remains the most important criteria for defining malignancy, not all malignant GCTs truly metastasize. Specific histologic features to predict malignant behaviour include spindling of tumour cells, the presence of vesicular nuclei with large nucleoli, increased mitotic rate, a high nuclear to-cytoplasmic ratio, pleomorphism, and necrosis.
Nevertheless, as malignancy can be definitely proven only by clinical findings, especially metastasis, clinical features such as large size, rapid growth, and invasion into adjacent tissue are reported to be more important criteria of malignancy rather than the histologic features of a histologically potentially malignant tumour.
The malignant form of granular cell tumours is highly aggressive, responds poorly to radiation or chemotherapy and may sometimes have fatal outcomes, if lesions are present in organs such as lung or liver [22] .
Local surgical excision, if complete, is curative for benign GCT. The resection margins should be adequate to prevent a misdiagnosis. If resection margins are involved, wider local excision may be recommended to decrease the risk of recurrence.
Recurrence is more likely if the edge of a GCT had an infiltrative and ill-defined pattern, as compared to one with nodular and distinct edges, even with negative margins.
However, in a case series of GCTs in the musculoskeletal system by Rose et al., resection margins or depth of tumour had no correlation with the risk of malignancy or recurrence [23] .
Conclusion
Although GCTs are uncommon and mostly benign, they have a tendency for local recurrence. Some of these cases may be multicentric at presentation. In rare cases metastases or malignant transformation can occur. Wide local excision is the treatment of choice. Hence it is important that clinicians, radiologists and pathologists are aware of the clinical presentation and histopathology of this condition for appropriate management, counselling and follow-up.
In our case we had a complete radiological, morphological and immunohystochemical characterization of the lesion and a definitive diagnosis of benignity confirmed by electron microscopy.
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